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Abstract  

 
Stability analysis in systems is a very important topic. Many methods are available in this area.  One of 

these is the Jury's stability test. In this study, a software tool that analyzes the stability of user defined 

systems according to Jury's stability test has been developed. Stability of the linear time-invariant 

discrete-time systems can be realized step by step (Jury table, stability test conditions, etc.) easily and 

effectively according to this criterion with the software tool which has user-friendly interface, 

including the topic description and can be used for educational purposes. 
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1. Introduction 

 

Stability is an essential characteristic property of the systems. Several definitions are presented 

for the stability and many methods have been developed for the stability analysis of continuous 

and discrete time systems [1-5]. In case of increase the degree of system (characteristic equation), 

it becomes very difficult to perform stability analysis manually. Therefore, to perform the related 

analysis automatically using software provides great advantages in terms of speed and accuracy. 

Various software tools were developed in the literature for system stability analysis [6-8]. 

 

In this study; a software tool is designed to perform the stability analysis of linear time invariant 

(LTI) discrete time systems using "Jury's Stability Test". By using the software, which includes 

lecture notes and can also be used for educational purposes, the stability analysis of a discrete 

time system can be performed easily and quickly when the coefficients of the characteristic 

equation are entered 

 

2. Jury's Stability Test 

 

The characteristic equation of a discrete-time system, considering  𝑎𝑛 > 0 , can be given as  

 

𝑄(𝑧) = 𝑎𝑛𝑧
𝑛 + 𝑎𝑛−1𝑧

𝑛−1 + 𝑎𝑛−2𝑧
𝑛−2 +⋯+ 𝑎2𝑧

2 + 𝑎1𝑧 + 𝑎0 = 0 .  (1) 

 

Using the coefficients of the characteristic equation (1), Jury's table is formed as follows. 
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𝑅𝑜𝑤 𝒛𝟎 𝒛𝟏 𝒛𝟐 ⋯ 𝒛𝒏−𝒌 ⋯ 𝒛𝒏−𝟐 𝒛𝒏−𝟏 𝒛𝒏 

1 𝑎0 𝑎1 𝑎2 ⋯ 𝑎𝑛−𝑘 ⋯ 𝑎𝑛−2 𝑎𝑛−1 𝑎𝑛 

2 𝑎𝑛 𝑎𝑛−1 𝑎𝑛−2 ⋯ 𝑎𝑘 ⋯ 𝑎2 𝑎1 𝑎0 

3 𝑏0 𝑏1 𝑏2 ⋯ 𝑏𝑛−𝑘  ⋯ 𝑏𝑛−2 𝑏𝑛−1  

4 𝑏𝑛−1 𝑏𝑛−2 𝑏𝑛−3 ⋯ 𝑎𝑘−1 ⋯ 𝑏1 𝑏0  

5 𝑐0 𝑐1 𝑐2 ⋯ 𝑐𝑛−𝑘 ⋯ 𝑐𝑛−2   

6 𝑐𝑛−2 𝑐𝑛−3 𝑐𝑛−4 ⋯ 𝑐𝑘−2 ⋯ 𝑐0   

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮    

2𝑛 − 5 𝑟0 𝑟1 𝑟2 𝑟3      

2𝑛 − 4 𝑟3 𝑟2 𝑟1 𝑟0      

2𝑛 − 3 𝑠0 𝑠1 𝑠2       

 

The elements of this table can be obtained as 

 

𝑏𝑘 = |
𝑎0 𝑎𝑛−𝑘
𝑎𝑛 𝑎𝑘

| , 𝑐𝑘 = |
𝑏0 𝑏𝑛−𝑘−1
𝑏𝑛−1 𝑎𝑘

|

𝑑𝑘 = |
𝑐0 𝑐𝑛−𝑘−2
𝑐𝑛−2 𝑐𝑘

| , ⋯
}
 
 

 
 

    (2) 

 

 

 

For the stability of a discrete-time system, namely, all of its roots to be within the unit circle, all 

the following conditions must be hold: 

 
𝑄(1) > 0

(−1)𝑛𝑄(−1) > 0

|𝑎0| < 𝑎𝑛

|𝑏0| > |𝑏𝑛−1|

|𝑐0| > |𝑐𝑛−2|

⋮
|𝑠0| > |𝑠2| }

 
 
 
 
 
 

 
 
 
 
 
 

      (3) 

 

If one or more of the conditions in equation 3 is not met according to the Jury stability test, the 

system is unstable [1, 3-7]. 
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3. The Designed Software Tool 

 

The software tool that performs the “Jury’s Stability Test” in discrete-time systems is designed 

using MATLAB software [9]. The main screen of the software tool, its main menu and toolbar 

are given in Fig. 1, Table 1 and Table 2 respectively. If the coefficients of the characteristic 

equation are entered by using the software tool, the stability analysis of a discrete-time system is 

performed according to "Jury's Stability Test". Jury table is created using the coefficients entered, 

and the necessary and sufficient conditions are checked separately. In this software tool which 

can also be used for educational purposes, all results (characteristic equation, Jury table, values of 

roots, map of roots on the unit circle, etc.) are displayed step by step and numerically/graphically. 

The software tool also includes a lecture note on Jury's Stability Test. (Fig. 2). 

 

 
Figure 1. The screenshot of designed tool 

 

Table 1. The main menu and their task 
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Table 2. The toolbar and its task 
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Figure 2. The screenshot of topic description window 

 

4. Simulations 

 

In the first simulation/application, the following characteristic equation is used. 

 

𝑧3 + 1.5𝑧2 + 0.54𝑧 + 0.04 = 0      (4) 

 

Screenshots of the analysis obtained by using the Jury Stability Test are given in Fig. 3. 

According to the results obtained from the Jury test, the system is unstable and the results are 

verified by drawing the map of the roots and the root values. 
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Figure 3. The screenshot of the first simulation 

 

The following characteristic equation is used in the second simulation/application [7].  

 
𝑧9 − 1.8441𝑧8  +  0.6365𝑧7 +  0.5541𝑧6 − 0.3747𝑧5 + 0.0054𝑧4  
+ 0.5070𝑧3 − 0.6453𝑧2  +  0.0841𝑧 +  0.1138 = 0    (5) 

 

Screenshots of the analysis results obtained by using the Jury Stability Test are given in Fig. 4. 

The stability of the system can be seen both by confirming all the conditions and the calculated 

root values. 
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Figure 4. The screenshot of the second simulation 

 

5. Conclusions 

 

The stability analysis of systems is a very important issue. In this study, a software tool, which 

performs the stability analysis of linear time invariant discrete time systems according to Jury's 

stability test, was designed. By this software tool, the stability analysis of the systems defined by 

the user by entering the coefficients of the characteristic equation can be performed easily and 

quickly, step by step and numerical/graphical results can be obtained. 
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